Kinetics of drug action in disease states. XVIII. Effect of experimental renal failure on the pharmacodynamics of theophylline-induced seizures in rats.
Theophylline, the bronchodilating agent, can cause life-threatening, generalized seizures when plasma concentrations exceed the usual therapeutic concentration range. However, the plasma concentrations of theophylline associated with this neurotoxic effect vary widely between patients. To determine the reasons for the wide variation, and thereby to facilitate prevention or early treatment of theophylline-induced neurotoxicity, an animal model of theophylline-induced seizures was developed and has now been used to determine the effect of experimental renal failure on the concentrations of theophylline that cause convulsions. Adult female rats were subjected to bilateral ureteral ligation or injected with uranyl nitrate to produce renal failure or dysfunction. Sham-operated and saline-injected rats, respectively, served as controls. Theophylline was infused i.v. at either 1.03 or 2.06 mg/min until the onset of maximal seizures. Renal failure due to ureter ligation was associated with a substantial reduction of the dose of drug required to produce seizures, the concentrations of total and free (unbound) theophylline in serum and the concentrations of theophylline in the brain and cerebrospinal fluid at onset of seizures. The concentrations of theophylline metabolites were very low and did not account for the enhanced neurotoxicity. No apparent change in the neurotoxicity of theophylline was observed in rats with uranyl nitrate-induced renal dysfunction. The results of the investigation on ureter-ligated rats are consistent with recent clinical findings of a higher incidence of theophylline-induced neurotoxicity in azotemic patients. The experimental methodology may therefore be suitable for the prospective identification of other potential clinical risk factors for theophylline neurotoxicity.